With the growth of competition in the telecommunication market, optional calling plans were introduced in 1980s, have expanded dramatically in 1990s and now have become widespread rate systems in many countries. In this respect, the Korean telephone market also provided various rates. Compared to other countries, however, a special optional calling plan has activated in Korean market. It is a unique calling plan where rates are based on previous calls made. That plan provides high market performance, yet it arouses criticism in the industry. There are questions raised by professionals in the industry if that plan based on previous call made is fair to consumers and is it more effective than other type of calling plan. Considering this circumstance, we theoretically analyzed and compare between rate system based on previous call made and different rate system including unlimited flat-rate and BOT, by mainly the perspective of efficiency. The results show that rate system based on past calling patterns will be economically more efficient compared to other types. Therefore, it is necessary not to prohibit this rate system, rather selectively regulating or other flexible means of regulation is desirable, nevertheless it has some week point.
Introduction
The first OCP (optional calling plan) introduced in June 1984 by AT & T in the name of the "Reach-out America," became popular and a marketing success [1] . Once into the 1990s, with the accelerating competition in the telephone market, optional calling plans which allow consumers to freely choose a rate structure had expanded dramatically and were offered in many countries although it drives up congestion costs to consumers due to a large variety of rate structures. US provider Verizon provides several different pricing options for its long-distance services (flat rate pricing for local calls), including a flat tariff, two-part tariff and per-minute charge. Optional plans, applying to bundles including local and long-distance calls, and internet access service, are also gaining popularity in the US and another example, UK provider BT offers a two-part tariff, partial flat pricing and flat rate plan. It has also discontinued its standard rate plan, a per-minute pricing plan, in favor of more flexible pricing plans [2] . Development of attractive OCPs has emerged as one of the key factors to succeed in the telephone business, especially under market situation which is getting much faster in substitution mobile traffics for fixed telephone ones and rapidly decreasing calling demand of fixed telephone.
In past, there were so many researches to examine economic welfare on telephone pricing scheme including optional plan and calling patterns such as Alleman [3] , Mictchell [4] , Wilkinson [5] , Park, Wetzel & Mitchell [6] , Park, Mitchell, Wetzel & Alleman [7] and Train, McFadden & Ben-Akiva [8] , etc. Those studies have emphasized the theoretical analysis of various tariffs in telecommunications industry, especially; Train et al. [8] indicated the necessity that evaluation on the welfare implications of numerous voluntary calling options is an important direction for future research. Several studies analyzing efficiency of optional calling plans in telephone service are as follows. Martins-Filho and Mayo [9] evaluated welfare effects of the geographic patterns of telephone pricing like adoption of extended area service in the 4 major metropolitan areas in Tennessee US which noticeably enhanced consumer surplus. More in recent, Miravete [10] suggested that a menu of optional two-part tariffs dominates any other pricing strategy from analyzing the expected welfare associated with standard nonlinear pricing and optional tariffs by using information directly linked to the type of individual consumers. And Masuda and Whang [11] developed the optimal menu of FUT (fixed-up-to) plans which is almost same to BOT-type plan in our paper and showed it delivers as good performance as any nonlinear pricing scheme. Otherwise, Jensen [12] showed some examples from telecommunications industry where firms offer two part tariffs with free call minutes to low demand segments.
KT, the dominant telephone service provider in Korea, has planned a new OCP, ARPU (Average Revenue Per User)-based pricing, to activate the call effectively to decreasing the volume of call traffic and its revenue due to the substitution between fixed and mobile call as well as Internet telephony. But the Korean regulator has been anxious about decreasing the consumers' surplus considering that the new OCP can be operated like a price-discrimination by the dominant provider. This study analyzes economic effects of the ARPU-based pricing in terms of provider-and consumer-side with the existing OCPs including a linear pricing and examines regulatory implication for Korean telephone service industry.
The rest of this study is organized as follows. Section 2 examines the background of introduction of ARPUbased pricing system and economic research method for the new OCP in Korean telephone industry. Section 3 describes a simple economic model used in this study and presents the range of optional calling plans considered and under the model analyzes a theoretical exploration of the economic effects of each of the optional calling plans and their comparative analysis. In Section 4, we discuss the validation of the potential benefits of the ARPU-based pricing system in terms of the social welfare, price discrimination and predatory pricing-related issues. Finally, in Section 5, we present policy implications derived from our findings and directions for future research.
A New Optional Calling Plan
Unlike in the advanced countries, in Korea, over 70% of fixed-line telephone users are subscribed to standard rate plan such as a simple two-part tariff. This has much to do with the meager choice of available optional calling plans; there is only one optional pricing model in use in Korea. The standard rate-centered pricing policies among Korean telephone service providers, as they fail to address diverse needs of consumers, are responsible, at least in part, for the current stagnancy of the fixed-line market and are contributing to the acceleration of the phenomenon of substitution of fixed-line services by mobile services. As shown Figure 1 , while the mobile call volume has been continuously increased in originating call from mobile network as well as terminating call on one, the total volume of fixed-telephone call has been decreased since 1996, in particular, it shows steep decreasing in fixed to fixed call.
In order to activate fixed telephone call demand, KT looked into offering an ARPU-based optional calling plan, whereby the rate is determined according to the average past usage. At first, this was not approved by the Korean Ministry of Information and Communication (MIC) 1 , which recommended that it be replaced by a BOT (Block of Time)-type plan or an unlimited flat rate plan, finding price discrimination under the former to be more than others.
The purpose of new optional calling plans adoption is increasing consumer surplus nonetheless enduring a degree of price discrimination in the pricing. Thus, the regulatory stance toward optional calling plans must be based on an economic analysis determining which of the optional pricing models (ARPU-based pricing, BOT or unlimited flat rate model) are more likely to enhance consumer surplus, all the while enduring the discriminatory effect against users which their use entails. KISDI [14] analyzed different types of pricing combinations, to determine the optimal price range, related consumer surplus and social welfare under the scenario that the telephone market is a monopoly market, assuming that heterogeneous consumers exist in this market and that the goal of the monopoly supplier is to maximize the profit. They concluded the OCP was more efficient than the existing linear pricing and two-part tariff. And Yeom [15] , assuming a situation where a monopoly supplier with a constant marginal cost and a single pricing system adds an optional calling plan, calculated the price range and costs which can increase both provider profit and consumer surplus. Meanwhile, Byun [16] explored optimal designs for a BOT rate system, allowing a monopoly supplier to maximize profits in a market where consumers are heterogeneous. And in real world, a similar plan to ARPU-based pricing, so-called Tailored Flat Pricing (TFP) plan for only three months in 2002 by KT appeared a marketing success that the churning number of existing subscribers to TFP was more than 6.2 million as of end of May 2009 and took the No. 1 ranking among fixed telephony plans except for standard pricing plan as well as increased about 31% in call amount compared with previous call amount under the standard pricing plan [17] .
This study is to examine the validity of introducing a new ARPU-based rate system in telephone service market of Korea. This analysis, assuming that an optional calling plan is added to an existing per-minute charge system, looks for the call pricing scheme most beneficial for consumers by comparing ARPU-based pricing with other types. We considered a wider variety of pricing structures, including APPU-based and BOT-style models, to derive policy implications for this latest issue.
A Simple Model and Comparative Analysis

A Simple Model and Analytical Method
A theoretical analysis conducts in this study rests on a number of assumptions. First of all, we assume that the price decided by a monopoly supplier covers the entire cost of providing services, and that the marginal cost is 0. Further, fixed-line telephone services provided by the monopoly supplier, whilst serving a large number of customers, are assume to yield different benefits to different consumers. To capture the diversity of consumption pattern, consumers are classified into different types, and different types of consumers are assigned the t, i.e., because consumer is heterogeneous, instead of aggregated demand function which used in many cases of economic analysis, individual demand function is used in this model. For all t, a uniform distribution is assumed. In other words, the probability density function of t is f(t) = 1 for t  [0, 1]. The demand curve for an individual customer with the above characteristics assumes to be p = t -q t . Although there are many types for individual demand function used in economic analysis, an individual demand function in this paper is supposed to be linear for simplicity and has equal slope not to cross between demand curves, then all consumer's characteristics are described by his maximum value t. Further, we assume that the operator's behavior is driven by maximizing profits, and that the regulatory body is only concerned by the type of optional calling plans which the operator offers, and does not interfere with the price itself. This is because the new OCP can't be designed to be unduly high or low if existing standard rate plan (as a based plan) is assumed to be unchanged, and each consumer is rational. Thus potential problems for regulator to consider are closely connected with structure or type of OCP. Then the possible maximum of social welfare summed the producer profits and consumer surplus will be
We consider a simplified scenario that the fixed-line telephone service market being studied practices only a standard pricing like per-minute charge system, and that the operator is looking into introducing one of the four pricing models: unlimited flat fee, ARPU-based unlimited flat fee, BOT-style plan and ARPU-based plan with free calling times. Although there are some kinds of OCP in real world, as far as we know in telephone service market of Korea, they all do not have so many subscribers except for TFP, which belongs to the type of ARPUbased flat fee plan, and new potential customer can't subscribe to the TFP due to subscription restriction as mentioned. Therefore, the model simplifies the actual situation as if only standard pricing plan existed before new OCP adopted with the view of new consumer. Under the assumption of demand function and market conditions, after analyzing the economic effect of per-minute charging system, that of four-possible OCPs with the per-minute charging system is sequentially analyzed and carried out comparison of economic effects among 5 pricing schemes.
Per-Minute Charging System Alone
Assume that the current standard tariffs are the rates determined through the service provider's optimization behavior. If the provider charges its fixed-line telephone services at the rate "p", only those consumers for whom t > p will purchase them. In this case, the objective function of this provider will be expressed as follows.
Then, the first derivative condition for maximizing profit would be (A-2) whereby the profit function, differentiated with respect to p, equals 0, given below:
The optimum per-minute rate, calculated using (A-2), is p * = 1/3, and the provider profit,  * = 2/27 = 0.0741. Meanwhile, the consumer surplus (CS) is
Unlimited Flat Fee Plan
In this case, p * = 1/3, the existing metered rate, calculated using (A-2), remains in place, even after the new unlimited flat fee system is introduced, as an optional plan. Let us assume t 1 marginal consumers who are unsure whether or not they should go for a per-minute charge plan and t 2 borderline consumer hesitating between a per-minute charge plan and a flat fee plan. Then the function of profit for the provider must satisfy the incentive compatible constraint, requiring that utility gained by t 2 -type consumers through the flat fee plan be equal to that gained through the per-minute charge plan. 
indicating a clear increase in user welfare over the situation in which no other price option existed except perminute charge.
ARPU-Based Flat Fee Plan
Now suppose that the optional calling plan added is an ARPU-based flat fee plan, instead of a simple flat fee plan. An ARPU-based flat fee plan allows consumer "t" to make unlimited calls for a fixed fee corresponding to his or her average spending call under the per-minute charging plan (ARPU t ) plus ARPU t , as illustrated in the graph in Figure 2 . "A" in the graph in Figure 2 is the additional payment incurred by the customer switching to this plan, and B, the gain in utility realized by the same customer. The change in net utility, therefore, is equal to B -A. Hence, a rational consumer would not switch to the new pricing model, unless B -A > 0. Let us refer to marginal consumers who are wondering whether they subscribe or not as t 1 , and the other borderline category of consumers hesitating between the ARPUbased optional plan and the per-minute charge subscription as t 2 . Especially, in this case heavy consumers remain to the per minute charge plan, middle-ranged consumers go to the ARPU-based flat fee plan and lighter users do not subscribe. The objective function of the provider, then, is (C-1), given below:
  We can now determine the first derivative condition for maximizing the provider profit. The first partial derivative of objective function by t 2 is positive for all t 2 . That means the boundary condition, t 2 = 1 and the optimum  * , which can induce many consumers including heavy consumers, is 1/4 = 0.25. In this case, the provider profit is 5/54 = 0.0926, and the consumer surplus, 
A BOT-Type Plan
We will now suppose that the new optional calling plan added is a BOT-type plan. A BOT-type plan has a threetier pricing system, consisting of (F 2 , h 2 , p), as shown in Figure 3 . Here, F 2 is a fixed fee, h 2 is the maximum min- utes of call at no additional charge over the fixed fee, and "p", the rate per minute charged on calls over and above the maximum minutes of call. Let us call t 1 marginal consumers who are wondering whether they should go for a per-minute charge subscription, and t 2 borderline subscribers who straddle between the per-minute charge and the BOT-type calling plan. The provider's objective function, in this case, will be written as (D-1) The incentive compatible constraint equation requires that utility gained by t 2 consumer through BOT-style plan be equal to that gained through per-minute charging plan.
If we denote optimal free calling times to maximize objective function as h 2 * , then optimal BOT scheme is expressed as (F 
ARPU-Based Plan with Free Calling Times
An ARPU-based plan with free calling times is similar to BOT-type plans, insofar as a fixed fee covers a set number of free minutes, and users pay an overage charge for minutes beyond the free minutes. It is similar also to the ARPU-based flat fee system, discussed earlier, in that the fixed fee is set to an amount roughly equivalent to a user's monthly payment under the per-minute charging system. Concretely, the fixed fee paid by a customer switching to an ARPU-based plan with free calling times corresponds to (1 + ′)ARPU t , and this fee allows him or her to talk for a total duration corresponding to (1 + ) of the habitual call time. Minutes beyond this are charged "p" per minute.
Let us assume t 1 marginal consumers who are unsure whether or not they should subscribe and t 2 borderline consumer hesitating between an ARPU-based plan with free calling times and a per-minute charge plan. Then the objective function of the provider, where the increase of first term is larger than the sum of decreases of second and of third term due to the marginal increase of t 2 , is (E-1) given below:
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an ARPU-based flat fee plan, by keeping the free minutes to a moderate number, and instead, setting the overage rate to a reasonable range, for example, not excessively low compared to the standard rate. (existing standard tariff pricing maintained) Consumer surplus, on the other hand, is smaller under an ARPU-based plan with free calling times, designed to maximize the provider's profit, than under an ARPUbased flat fee plan; The optimal design for the provider to realize maximum profit should have many consumers up to the type t = 1 become the subscriber of the ARPU-based plan with free calling times. This would mean ′ = 1/4, if   1/2 and ′ =  - 2 , if  < 1/2. Subscribers to a ARPU-based plan with free calling times may be distinguished into sub-group [t 1 , t 3 ] whose usage exceeds the set limit of free calls, and sub-group [t 3 , 1] whose usage is most often within this limit. Further t 3 the boundary subscribers between these two sub-groups, must satisfy the equation
The function of provider profit, meeting these conditions, would be as follows: 
Comparison of Economic
t p t p t p t p t p p
The economic effects of each optional calling plans examined above are listed in the Table 1 . Figures in the Table 1 reveal that optional call plans, regardless of their type, result in an increase in consumer surplus, over the per-minute charge only pricing system, as long as there are a sufficient number of subscribers to cover the cost of offering the new plan. This result, consistent with the basic arguments of Samuelson's revealed preference theory, points to the potentially beneficial effect of the introduction of optional calling plans on the Korean fixed-line telephone service market, a market where few price options are available. "p" and "" satisfying the first derivative conditions of (E-2) are respectively 1/9, 1/3. Substituting those into (E-2) yields a maximum profit of 0.09876. What this suggests is that the provider can realize greater profit through an ARPU-based plan with free calling times than Which of these plans, then, would be the best and most beneficial for the Korean market? The results shown in the Table 1 provide theoretical evidence that both an ARPU-based flat fee plan and an ARPU-based plan with free calling times are superior to a flat fee plan or a BOT-style plan. It should be of course remembered that this conclusion assumes rational decision-making on the part both of the provider and consumers. An ARPU-based plan results in more substantial increases in provider profit and consumer surplus than a flat fee or BOT-style plan, very simply because it is more attractive to consumers and will generate a stronger market response. Let us suppose that there are five consumers we will call A, B, C, D and E, as in Figure 4 , and that the average number of minutes spent on fixed-line calls is in increasing order, it being the lowest for A and the highest for E. The flat fee plan will only attract people like E with a high level of usage. The concentration may be somewhat less for a BOT-style plan, which could attract D, in addition to E. In comparison, an ARPUbased plan can interest most users except A, whose usage is so low that he or she may not consider signing up even for a per-minute charging plan. As the subscriber base includes B, C, D and E, an ARPU-based plan will naturally result in a larger increase in consumer surplus. In other words, an ARPU-based pricing model will yield greater effect as it is likely to be adopted by both heavy and less heavy to moderate users of fixed-line calls.
Discussions for Pricing Regulation on Telephone Market
In what preceded, we examined whether an ARPU-based optional calling plan can contribute to the increase of consumer surplus and whether the increase of consumer surplus was greater in size than the corresponding increases that may be expected from other alternatives, such as a flat fee or BOT-style plan, using a simple economic analysis model. In this section, we will attempt a more global assessment of ARPU-based optional calling plans, by examining consumer surplus from an empirical perspective and considering issues such as potential price discrimination of users and predatory pricing associated with the practice of calling plans. We will begin by taking a close look at a concrete example of an optional calling plan, the one by KT, which considered. For the sake of convenience, we will refer to this plan as Y; as can be seen in the Table 2 below, the actual values of ′, As the calling plan Y is to be introduced in addition to the existing standard pricing system, consumer-side utility should remain at its previous level or exceed it, provided that the new option does not entail congestion costs. The question, therefore, is whether the introduction of calling plan Y, detailed in the Table 1 , can result in a meaningful increase in consumer surplus. The answer, according to our analysis, is "Yes". This is because the increase in utility can be sizeable, as long as the value of ′ or ″, the number of free minutes under Y, is large enough. Benefits for consumers will include no longer having to think about incurring additional costs when staying on the phone for extended periods [18] , the ability provided by the fixed fee, of hedging against future uncertainties and risks associated with fluctuating demand [19] , and having the option of choosing a rate scheme more advantageous to one's usage pattern [1] .
Based on these considerations, we calculated the distribution of surplus among economic players, assuming that subscribers to Y will enjoy about a half of the additional utility brought about by an ARPU-based flat fee plan, over and above that provided by a per-minute charging system, which was measured through a consumer survey. The distribution of surplus between consumers and producers, according to this calculation, was approximately 71% vs. 29%. This result suggests that the profit realized by a monopoly supplier, through the introduction of calling plan Y, was far from excessive, and that the benefit for consumers being significantly more important than the latter, the plan was in fact a win-win product, for mutual gain of the provider and customers.
As has been mentioned earlier, Y is a calling plan, whereby the price of a call is in part determined by the past call volume of a user or the average telephone service spending. This pricing practice may, therefore, be liable to accusations of price discrimination. According to Stigler [20] 4 , price discrimination is inevitable and inherent in all optional calling plans. The question is not whether or not price discrimination is practiced, but rather whether it is practiced within an acceptable level. Y being a calling plan using a non-linear pricing structure, price discrimination involved in it falls into the category of second order price discrimination. It is, however, undeniable that the degree of price discrimination involved in Y is more marked than ordinary noninear pricing-based call products. l To determine whether price discrimination practiced in calling plan Y is excessive and unfair, we resorted to the four criteria proposed by Bonbright [22] ; 1) Is the price discrimination intended to generate needed revenue? 2) Do all parties stand to benefit from the practice? 3) Is there sufficient proof that the practice contributes toward covering long-run incremental cost increase? 4) What are the effects of the practice on competitors? Our analysis revealed that Y satisfied three of the four conditions, except criterion (1). KT being not a government-owned firm, criterion (1), in this case, was less relevant than the others.
Of the four criteria formulated by Bonbright, criterion (3) is the one most closely related to whether a pricing method is predatory. Predatory pricing refers to selling products or services at very low prices with the intent to keep newcomers from entering the market or driving competitors out of the market. A two-tier rule is commonly used to determine whether a pricing method is predatory. The first tier is the range above the average cost, and a price within this range clears a provider of the suspicion of predatoriness. If the price is below the average cost, situated somewhere between the average variable cost and the average cost, considered as the gray zone, further inquiries are undertaken to establish whether or not the pricing is predatory.
Prices under calling plan Y, detailed in the Table 2 , are clearly above the average cost-evidence that no predatory pricing is involved in this plan. In order to verify whether prices under calling plan Y are above the average cost, one needs to estimate the increase in call volume among subscribers switching from a per-minute charge plan to Y. We judged that the increase in call volume would not exceed 30%, given that Y is a plan having a pricing structure that is only partially flat feebased. We therefore concluded that the pricing method under Y is not predatory.
Concluding Remarks
ARPU-based pricing is clearly a very original pricing model, as the rate is decided on the basis of the past usage or average call spending of a customer. The obvious disadvantage of this pricing method is that it involves a greater degree of price discrimination than other nonlinear pricing-based calling plans such as BOT-type plans. This disadvantage comes with the offsetting advantage that ARPU-based calling plans are more effective in achieving improvement both in providers' profit and consumer surplus than others of its kind, and are more likely candidates to successfully stimulate the fixedline telephone service market.
This study examined whether ARPU-based optional calling plans can be more efficient than other optional calling plans, using both a theoretical and empirical approach. We found that an ARPU-based plan, similar to Y, will bring about a sizeable increase in consumer surplus. Furthermore, this study found no evidence warranting the concern of price discrimination or predatory pricing: the degree of price discrimination in the calling plan Y was moderate, well within the acceptable range, and the prices offered under the plan did not constitute predatory pricing.
There are currently in Korea, ARPU-based optional calling plans, similar to Y, offered by service provider providers. Consumers are responding positively to these products, and a substantial number of users are switching to the new plans. Allowing these plans, we believe, has been a judicious course of action on the part of the regulator, having carefully weighed the pros and cons of ARPU-based pricing, decried as irregular or odd pricing practices and accused of price discrimination, on the one hand, and praised for contributing to consumer surplus and balanced industrial growth, on the other. A unilateral stance against ARPU-based pricing must be avoided, and related plans examined on a case-by-case basis, to determine their potential benefits and ramifications, using various criteria of judgment.
This study has the following limitations which need to be addressed in future research: First, we used a simplified model which assumes a uniform distribution of consumers. Hence, future research should verify whether the increase in consumer surplus brought about by ARPU-based calling plans will still be greater than that by other plans, when using the gamma distribution or other models more closely capturing the actual call volume distribution. Second, we treated BOT-type calling plans as a single category, whereas, in reality, there are many variants of this pricing model. Third, more important thing, although subscribers to ARPU-based plan in Korea showed a considerable increase in call amount compared with previous one, practical reductions in call traffic of fixed telephony service from longer term, which result by demand uncertainty, will be more critical issue from carrier as well as policy maker. This uncertainty problem on amount of call traffic needs to consider a factor of demand model. Future research should, therefore, make appropriate changes to the research model to remedy this.
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